Objective: Antiepileptic drugs (AEDs) are routinely withdrawn during long-term video-electroencephalography (EEG) monitoring (LTM), to record sufficient number of seizures. The efficacy of rapid and slow AED taper has never been compared in a randomized control trial (RCT), which was the objective of this study.
| INTRODUCTION
Long-term video-electroencephalography (EEG) monitoring (LTM) is a valuable tool used for the evaluation of patients with epilepsy 1, 2 The usual indications of LTM are localization of the epileptogenic foci as part of presurgical work-up for drug-resistant epilepsy (DRE), to determine the seizure type or to ascertain the nature of other episodic events, like suspected psychogenic nonepileptic seizures. A sufficient number of habitual seizures need to be recorded within a reasonable time frame for further management of patients with DRE. In some centers, LTM must be completed within a stipulated period of time. Because the occurrence of seizures is unpredictable, activation procedures like hyperventilation, sleep deprivation, and withdrawal of antiepileptic drugs (AEDs) are commonly used in epilepsy monitoring units to reduce the duration of LTM. Given the high costs of the electrophysiologic study and hospitalization to the LTM units, several centers taper AEDs rapidly, which has been shown to result in the occurrence of seizure clusters. Although it has been shown that both cluster and noncluster seizures have equal localizing value, 3 the former may lead to status epilepticus; other complications that may be seen as a consequence of AED withdrawal are secondarily generalized seizures, falls, and psychosis. 4, 5 Guld et al., 6 however, did not find any association of occurrence of adverse events with a sharp initial drop of AEDs, and Henning et al. 7 found that <50% patients had sufficient number of seizures in 3 days of LTM, with slow and intermediate taper protocols. An issue specific to our setting is the long waiting list due to the large patient load, given that this center is the only government-based center with facilities for presurgical evaluation and epilepsy surgery in North India. The most important requirement for us, therefore, is to decrease the length of stay while keeping the diagnostic yield high. Although there are many retrospective and prospective observational studies evaluating the efficacy and safety of various AEDtaper protocols, it was not clear if rapid withdrawal of AEDs results is effectively shortening the duration of LTM, compared to a relatively slow reduction in the dosages. Hence, we conducted this randomized controlled trial (RCT) to compare the efficacy of rapid versus slow AED withdrawal in the epilepsy monitoring unit, and looked at safety parameters.
| SUBJECTS AND METHODS

| Study design and participants
This is an open-label randomized controlled study with blinded endpoint evaluation, carried out at the neurosciences center of All India Institute of Medical Sciences, New Delhi, India. Our LTM unit has 5 beds, equipped with 64-channel video-EEG monitoring systems (Nicolet, Middleton, WI, USA). The standard 10-20 international electrode placement system was followed, with additional anterior temporal or sphenoidal electrodes placement if required. Two nurses with specialized training in epilepsy unit monitoring and one neurology resident are always available during LTM. Epileptologists and EEG technicians are available during the day and are on call after that. Resuscitation equipment like emergency medications, oxygen, and suction machine are available at each bed. At our institute, the duration of LTM is not fixed and is continued until a sufficient number of seizures have been recorded. Two epileptologists analyze all the clinical events and decide the number of seizures to be recorded. The International League Against Epilepsy (ILAE) classification was used to classify epilepsy syndromes and seizures, which required recording of at least 3 habitual seizures. 8, 9 Seizure clusters were defined as more than 3 seizures in a specified duration, either 24-hour (24-hour cluster) or 4-hour (4-hour cluster).
10
Psychogenic nonepileptic seizure (PNES) was diagnosed by reviewing video-EEG and clinical events without accompanying ictal-EEG changes. DRE was defined as "failure of adequate trials of 2 tolerated, appropriately chosen and used AED schedules (whether as monotherapy or in combination) to achieve sustained seizure freedom." 11 Diagnostic yield was defined as the percentage of patients in whom the prerecording questions (localization of epileptogenic zone or seizure-type classification) were answered, upon completion of video-EEG monitoring. Safety measures included occurrence of seizure clusters, status epilepticus, postictal psychosis, cardiac arrhythmia, musculoskeletal and other injuries, scalp abrasions, and infections associated with intravenous line. Consecutive patients with DRE in the age group of 2 to 80 years admitted for LTM were included; those with a
Key Points
• DRE patients were randomized to rapid and slow tapering of AEDs during LTM
• The mean duration of LTM was 4.7 AE 2.6 and 6.6 AE 3.4 days, in the rapid and slow taper groups, respectively, P = .0006
• Time to first seizure was significantly shorter in the rapid taper group
• Four-hour seizure clusters were more in number in the rapid taper group (P = .04); no other safety variable differed significantly between the groups history of status epilepticus, seizure frequency ≥1 per day, serum levels of AEDs (phenytoin, carbamazepine, valproic acid, and phenobarbitone) below the therapeutic range, and significant nonneurologic comorbidities were excluded from the study. All patients or their legal representatives (for minor or cognitively impaired patients) provided written informed consent. The trial was approved by the institute's ethics committee.
| Randomization and blinding
Patients were randomly assigned using computer-generated random numbers in a 1:1 ratio to a rapid taper group or slow taper group. To ensure allocation concealment, the LTM unit had to contact an independent person (concerned with the implementation of randomization list) telephonically. Patients, attending nurses, residents, and treating epileptologists were not blinded to the group allocation; only the outcome assessor was blinded to the allocation arms.
| Procedures
Daily AED dose reduction was 30% to 50%, in the rapid taper group, and 15% to <30% in the slow taper group. Drugs that could be loaded either intravenously or orally (phenytoin, levetiracetam, and valproic acid) were tapered first. Barbiturates and benzodiazepines were tapered last, and only if required. The AEDs were tapered one after the other. Rescue midazolam 0.1-0.2 mg/kg slow intravenous was given for generalized tonic-clonic seizure (GTCS) lasting for 5 min or intermittent GTCS without regaining consciousness for 5 min or more and complex partial seizure (s) lasting for more than 10 min. After each seizure, the subjects were tested for orientation to time, place, and person, and for verbal memory in the LTM unit by epilepsy nurses with specialized training, and then by the neurology resident on call. Convulsive and nonconvulsive status was ruled out by the both these personnel by studying the clinical duration and EEG (EEG criteria for nonconvulsive status epilepticus used). 12 Videos and corresponding EEGs of all clinical events were analyzed by 2 epileptologists independently, the following day, and events were classified as "seizure cluster" or "status epilepticus." After completion of LTM, patients were started on their baseline AEDs, or prescriptions were modified by the treating epileptologist. 13 
| Outcome
The primary outcome of efficacy was defined as the mean difference in the duration of LTM between rapid and slow AED taper groups. The secondary outcomes of efficacy included diagnostic yield of the LTM, the percentage of patients with ictal onset EEG localization, and time to first seizure; safety measures were occurrence of secondary GTCS (sGTCS), 4-and 24-hour seizure clusters, status epilepticus, cardiac arrhythmia, and the requirement of rescue treatment with midazolam, postictal psychosis, musculoskeletal injuries, scalp abrasion, and infections associated with intravenous line.
| Statistical analysis
We did not find a study that directly compared the duration of video-EEG monitoring of rapid and slow AED taper in the LTM unit in the literature. However, it was observed that, in studies with rapid AED taper, LTM was completed within an average of 4-5 days, 14, 15 and in an average of 6 days in the slow AED taper group. 16 Due to the substantial heterogeneity in this population, we postulated that in the rapid taper group, LTM completion time would be an average of 4 days and in slow taper group, required LTM completion time would be approximately 30% longer compared to rapid taper, with a standard deviation of 2. Keeping alpha 0.05 and the power of study 90%, the calculated sample size was 59 in each group. Furthermore, assuming that 10% would be lost to follow-up, the final sample size was estimated to be 140 (70 in each group). Descriptive statistics were used to summarize the baseline characteristics of the study population. For the comparison of categorical data (expressed as number or percentage) between the 2 groups, the chi-square test was used. Independent t-test was used to compare the quantitative data (expressed as mean with standard deviation) between the 2 groups. Primary outcome was analyzed as intention to treat. P value <.05 was considered as statistically significant. Data were analyzed using statistical software STATA, version 14.0 (StataCorp LLC, College Sation, TX, USA). This trial was registered with the Clinical Trial Registry-India (CTRI/2016/08/007207).
| RESULTS
Between June 13, 2016 and February 20, 2017, 140 patients were enrolled and randomly assigned to rapid taper (n = 70) or slow taper group (n = 70) (Figure 1 ). Three patients from the rapid taper group and 2 patients from the slow taper group did not stay in LTM unit for the required time due to personal reasons but were included in the analysis. No statistically significant differences were observed in the baseline demographic and clinical characteristics between the 2 groups (Tables 1 and 2 ).
The mean difference in LTM duration between rapid and slow AED taper group was À1.8 days (95% confidence interval [CI] À2.9 to À0.8, P = .0006) ( Table 3 ). The mean duration of LTM was 4.7 AE 2.6 days (95% CI 4.1-5.3) in the rapid taper group and 6.6 AE 3.5 days (95% CI 5.7-7.4) in the slow taper group. The LTM diagnostic yield was 95.7% in the rapid taper group and 97.1% in the slow taper group (P = .64). Ictal onset EEG localization was made in 92.8% and 95.7% in the rapid and slow taper groups, respectively (P = .46). In 2 patients from rapid taper group and one patient from the slow taper group, a final diagnosis of PNES was made. Of the secondary outcome measures, the time to first seizure (2.9 AE 1.7 and 4.6 AE 3.0 days in the rapid and slow taper groups, respectively, P = .0002) and occurrence of 4-hour seizure clusters (11.9% and 2.9% in the rapid and slow taper groups, respectively, P = .04) were statistically significant. Other secondary outcomes including diagnostic yield, percentage of patients with successful localization of ictal onsets, and use of rescue midazolam did not differ significantly between the 2 groups. Other LTM-associated complications were recorded in 3 patients in the rapid taper group included postictal psychosis in 2 patients and shoulder sprain in one patient. In the slow taper group, one patient developed scalp abrasion secondary to prolonged contact with electrode at a single site. The average number of seizures recorded in rapid taper group was 5.1 AE 1.8 (95% CI 4.6-5.5) and in the slow taper group was 4.6 AE 1.7 (95% CI 4.2-5.0).
We also compared the same outcomes between 2 subgroups: the temporal lobe epilepsy (TLE) group versus extratemporal lobe epilepsy (ETLE) group (Table 4) . The only statistically significant difference was in the occurrence of 4-and 24-hour seizure clusters, which was more common in ETLE group. A subgroup analysis was also carried out for outcomes of rapid and slow AED taper within TLE and ETLE groups (not shown in table). The mean duration of LTM was 5.0 AE 3.0 days (95% CI 4.0-6.1) in TLE patients with rapid taper and 7.1 AE 3.3 days (95% CI 6.1-8.2, P = .0055) in TLE patients with slow taper. The time to first seizure was 3.0 AE 1.7 days (95% CI 2.3-3.6) in rapid taper TLE patients and 4.9 AE 3.3 days (95% CI 3.9-5.9, P = .0027) in slow taper TLE patients. The mean duration of LTM was 4.5 AE 2.1 days (95% CI 2.2-3.9) in ETLE patients with rapid taper, and in ETLE patients with slow taper, it was 6.1 AE 3.6 days (95% CI 4.6-7.6, P = .05). The time to | 463 first seizure in rapid taper ETLE patients was 2.9 AE 1.7 (95% CI 2.2-3.9), and in slow taper ETLE patients, it was 4.0 AE 2.3 days (95% CI 3.1-5.0, P = .03).
| DISCUSSION
In this randomized controlled study, we found that the mean difference in the duration of LTM between the 2 groups was statistically significant and that the duration of monitoring was shorter in the rapid compared to the slow AED taper group. Time to first seizure was also significantly shorter in the rapid AED taper group (P = .0002). These findings suggest that a rapid AED tapering protocol could be followed by epilepsy monitoring units to reduce the number of admission days and hence the waiting period for this investigation. In a retrospective study, however, it was reported that fast AED reduction was associated with 35% longer recording time and 50% longer time to first seizure compared to slow AED reduction. 6 This could be because patients with low preadmission seizure frequencies had AEDs tapered more aggressively. Tapering AEDs faster in patients with lower seizure frequency is probably the practice in most epilepsy monitoring units; this study has shown that a uniform protocol regardless of the baseline seizure frequency effectively reduces the admission period.
The difference between diagnostic yields of the 2 groups on completion of the study (95.7% in the rapid taper group and 97.1% in the slow taper group) was not significant and was also comparable to that in other studies. This could be because monitoring was continued until a sufficient number of seizures were recorded, which would also explain the fact that there were no significant differences in mean AED dose reductions between the 2 groups. As for the very important concern of safety, in our study, 4-hour seizure clusters were seen in 11.9% and 2.9% (P = .04), 24-hour seizure clusters in 20.9% and 10.2%, and rescue midazolam was used in 11.9% and 7.3% patients in rapid and slow AED taper groups, respectively. In one study with 91 subjects and rapid AED withdrawal Other LTM-associated complications included one patient in the slow taper group with severe scalp abrasions secondary to prolonged contact of electrodes with scalp. In the rapid taper group, 2 patients developed postictal psychosis and one patient developed shoulder sprain.
during LTM, 17 the occurrence of 24-hour seizure cluster was 61.5%, whereas it was only 1.6% in another study.
14 Authors of the latter study believed that this could have been because a high percentage of patients (60%) were treated with rescue medication. Rescue midazolam was used in a smaller percentage of patients in both groups in our study probably because we followed a standard predefined protocol for giving midazolam rescue in our trial subjects. Even with slow AED taper during presurgical video-EEG monitoring, 24-and 4-hour seizure clusters have been reported in 38.9% and 11.1% of the cases, respectively. 16 Another study that examined the results of 5 comprehensive epilepsy monitoring centers reported the occurrence of 4-hour seizure clusters as 17.8% and 24-hour seizure clusters was 48.5%, and it was observed that centers that had formal AED taper protocols had fewer seizure clusters. 4 In addition to lack of uniformity in AED withdrawal practices and the different thresholds for the use of rescue benzodiazepine, variations in rates of seizure cluster could also be because of differences in the selection criteria of various studies. There was no status epilepticus, cardiac arrhythmia, or mortality noted in either group in our study, and only 4 patients (3 in the rapid and one in the slow taper group) had complications like scalp abrasions and postictal psychosis. However, because the sample size of our study was not powered to assess safety of rapid versus slow withdrawal of AEDs, and given the wide variation in the safety measures reported in observational studies, a well-planned RCT would need to address these issues specifically. Previous studies from our center found that patients with a prior history of status epilepticus had a heightened risk of seizure clusters and status epilepticus, and consequently such patients were excluded. 3, 13 In the subgroup analysis, we did not find a significant difference in the mean LTM duration and the time to first seizure between the TLE and ETLE groups. However, we did observe 24-and 4-hour seizure clusters to be more common in patients with ETLE. In a prospective study, 17 the variables associated with seizure clustering were history of seizure clustering at home and the presence of mesial temporal sclerosis on brain magnetic resonance imaging (MRI). Again, no association was seen between frontal lobe onset and seizure clustering, and it could be because of a relatively small number of patients with frontal lobe seizure onsets. Our study was not designed to evaluate the occurrence and risk factors of seizure clusters in patients with TLE and ELTE.
Reduced duration of hospital stay in the rapid AED taper group has a great impact in our setting-our country has a large population and a proportionately high number of persons with epilepsy. Few hospitals are equipped with the trained staff and equipment required for this investigation, let alone it being done free of cost. Ours is a government-run center catering to the needs of most of North India. There is a very long waiting list for this test, and shorter stay per patient may clear much of this backlog and reduce inconvenience to patients and their caregivers.
In conclusion, a rapid AED tapering protocol may be used to reduce the duration of long-term video-EEG recording, without adversely affecting the diagnostic yield. Other LTM-associated complications included postictal psychosis in 2 patients in the ETLE group. In the TLE group, one patient developed shoulder sprain and one patient developed significant scalp abrasion secondary to prolonged contact of electrodes with scalp.
